Extinction is sometimes a major problem in acoustic surveys of fish stocks, as it often occurs when the fish are concentrated and easiest to survey. The same may be true of certain macrozooplankton, such as krill in swarms. This study aims to describe how to correct singleping measurements of the vertical distribution of scatterer density for extinction. The general case is considered in which the aggregation density is variable and the mean backscattering and extinction cross sections vary with depth. By dividing the water column into a finite number of layers, with constant properties within each, a closed-form mean-field solution is derived. Methods of applying this to single-ping echo records and the quality of the solution are both examined. Extinction is discussed vis-•-vis multiple scattering. Application of the technique in other areas, e.g., in remote probing of the atmosphere by lidar, is mentioned.
INTRODUCTION
In the last several fishing seasons, the all-important 1983 year class of Norwegian spring-spawning herring (Clupea harengus), on which the future of the stock depends, •'2 has been decimated by disastrously large catches that have literally burst nets. Such lost catches are not counted in the present quota system, and hence represent a pure, if inadvertent, overexploitation of the stock. Awareness of the need for caution in catching operations explains the following radio conversation, overheard between two fishing vessels in a northern Norwegian 0ord in December 1989. First fisherman: "Is it safe to fish here?" Second fisherman: "Yes; we can see the bottom."
That is, the second fisherman has concluded from the appearance of the echogram that the likely catch size will be manageable. Because the bottom echo signal could be "seen," or discerned, the column density of fish was not considered excessive for purse seining. Evidently, it is the fisherman's experience that fishing on an aggregation of herring that blocks or extinguishes the bottom echo signal is risky.t
The phenomenon of extinction by fish aggregations is also of practical importance to researchers who must esti- The effect of extinction has been described in several places for constant-density scattering layersfl"3' 14 It may be thought that the generalization to variable-density layers is straightforward. However, there seems to be some confusion about this, at least in fisheries acoustics. In addition, for studies of structure in scatterer aggregations, such as fish schools, it is desired to describe the vertical distribution of density as sensed by single pings.
It is the present aim to extend the theory for constant density to variable density, and show how to correct singleping measurements of the vertical distribution of scatterer density for extinction. 
Since this applies for the arbitrary interval, at any z, it can be integrated over [0, z]: A particular advantage of the formula is that it can be executed without further operator assistance once the scatterer is classified. This initial operator-determined process consists of specification of scatterer identity, namely species and size distribution, hence mean backscattering and extinction cross sections, with or without specified depth dependences, in the case of a single-species aggregation. In the case of a mixed aggregation or multiple scattering layers, the species content, several size distributions, and respective depth ranges must also be specified. Notwithstanding the apparent magnitude and difficulty of this assignment, it is nothing more than is done every time that an echogram is interpreted for the purpose of estimating fish density along an acoustic survey track. The single new element in the formula is the mean extinction cross section, but this is known for some species, v'8'•2 and is being • or will be specified for others. As noted by MacLennan et al., • • cre will undoubtedly vary with fish behavior and physiological condition, but then so does ab, and to a greater degree too, since the extent of the averaging implicit in rre exceeds that in %. What is theoretically most hazardous is attempting to correct measurements of scatterer density when the effect of extinction is very large. In this case, which is fo•unately expected to be very rare, evaluation of the formula must be halted well before the noise level is reached. As the noise level is approached, the uncertainty in density estimates, hence also in the extinction-adjusted estimates •.,, must be very large. The damaging effect of an error in •., on p,is apparent from Eq. (8b). Thus in the presumed case of very high extinction, an impasse will be met. Advances must then be sought in alternate instrumentation, e.g., a lower-frequency transducer.
C. Multiple scattering
The overall objective in correcting scatterer density estimates for extinction is to derive the best possible estimates. Thus multiple scattering also deserves to be considered. This was done by Stanton for second-order scattering by a random distribution of isotropic scatterers, yielding upper bounds for the effect. • s One conclusion of this study was that extinction would be the dominant effect if the degree of extinction were significant. Another conclusion was that the effect of second-order scattering is less for narrower trans- 
